Abstract: This paper explores the sensitivity of Romanian collective investment undertakings' returns to changes in equity, fixed income and foreign exchange market returns. We use a sample of 80 open-end investment funds and pension funds with daily returns between 2016 and 2018. Our methodology consists of measuring changes in the daily conditional volatility for the fund returns (EGARCH) and changes in their conditional correlation with selected market risk factors (DCC MV-GARCH) throughout different volatility regimes identified using a Markov Regime Switching model. We argue that, on average, the level of conditional correlations between funds and market risk factors remained stable and unconcerned by the volatility regimes. In addition, for only less than half of the funds in the sample, their volatility regimes were synchronized with those of the selected market risk factors. We found that, on average, fund returns are more correlated with equity returns and less correlated with changes in local bond yields, while not being significantly influenced by changes in foreign bond yields or changes in foreign exchange. During the period investigated equity returns were the most volatile while the funds returns volatility were, on average, much more reduced. Overall, our results show the resilience of the Romanian collective investment sector to the selected market risk factors, during the investigated period.
Introduction
Institutional investors represent one of the most important components of the capital market and play an important role in the financial system. In Romania, the most visible local institutional investors are pension funds, mutual funds (comprised of both open-end funds-UCITS and closed end funds-AIFs) and insurance companies.
According to the monthly reports of the Romanian Financial Supervisory Authority [1] , pension funds are the largest non-bank sub-sector of the local financial system, with assets of 10.6 billion EUR (5.2% of GDP) at the end of 2018. There are 17 pension funds (split between two pillars: mandatory and optional) which invest mainly in fixed income (83%) and listed equity (17%). These funds hold approximately 20% of the outstanding sovereign bonds issued by the Romanian Government and around 20% of the capitalization of the free float on the national stock exchange, while also accounting for 15% of the exchange turnover.
Andreu et al. [22] claimed that security selection is the key driver of fund performance unconcerned by the employed sample period or asset-pricing model. Likewise, Abdelmonem Oueslati et al. [23] acknowledged that the global performance of mutual fund managers is due to selectivity and market timing. For instance, Liao et al. [24] established that Chinese mutual fund managers have timing abilities. Nevertheless, Ayadi et al. [25] proved that Canadian fund managers do not show selection and timing skills.
Liang [26] documented differences between hedge funds (for whom empirical evidence suggests they employ dynamic trading strategies and, as a result, usually have low systematic risk) and traditional investment vehicles, such as mutual funds. The author argues that the fee structures used by hedge funds seem to align managers' compensation with fund performance. There is also documented that funds with a "high watermark" clause in the fee structure significantly outperform the others. The employed data showed that, on average, hedge funds provided higher Sharpe ratios compared with mutual funds between 1992 and 1996, although their returns had higher volatility. According to Schaub and Schmid [27] , greater incentive fees help to defeat the illiquidity discount noticed in crisis phases.
In their influential paper, Engle et al. [28] showed that the role of news from nearby regions (the meteor shower) is favored to indigenous effects from the prior day (the heat wave) as a reason for the transmission of volatility in the foreign exchange market. Therefore, the volatility transmission among stock markets in Czech Republic, Hungary, Poland and Slovakia was investigated by Kasch-Haroutounian and Price [29] using a BEKK model. The empirical findings suggested that the volatility in the Polish stock market is affected by the volatility originating in the Hungarian stock market. Bubak et al. [30] revealed the presence of volatility spillovers amongst the Central European foreign exchange markets on an intraday basis. As well, Clements et al. [31] confirmed the certainty that there are significant volatility connections between financial markets. However, BenSaida et al. [32] found that during stages of quietness, the U.S. and Germany are viewed as net spreaders of risk, whereas Hong Kong and Japan are net receivers. By means of the Markov-switching model, Adam et al. [33] acknowledged three regimes of the response of exchange rates to fluctuations in financial stress. By employing time-varying transition probability Markov switching models, Ning and Zhang [34] documented that short-term international capital flows of China are more sensitive to exchange rates, but not sensitive to interest rates and assets prices. Kocenda and Moravcova [35] revealed the uppermost levels of cross-currency volatility were established during the global financial crisis.
Lee and Ward [36] aimed to investigate the relationship between past and present performance of UK real estate between 1981 and 1996, through a Markov Chain approach. The most important remark from the analysis was that persistence did not appear to be driven by volatility. Chang [37] showed via Markov-switching GRG copula that two distinct dependence structures exist between the inflation rate and the real estate investment trust.
Füss et al. [38] used alternative volatility models such as GARCH (p,q) and EGARCH (p,q), for particular hedge fund classes (differentiated by their investment strategies) and then compared with each other. The authors showed that GARCH-type VaR is a better measure of downside risk, especially for trading strategies that present a negative skewness and excess kurtosis. Mishra et al. [39] applied GARCH models such as GRACH, EGRACH and TGRACH to investigate the volatility of the Indian stock market between 1991 and 2008. From all the models, the TGARCH model performed the best in estimating and predicting the volatility of the Indian capital market. Dark [40] noticed robustness when hedging via MS-VECM-FIEGARCH, MS-VECM-FIAPARCH and MS-VECM-FIGARCH as long as such models constantly outperform short memory volatility models, as well as the OLS hedge. Luo et al. [41] found that the optimal portfolio selected by an orthogonal GARCH model outperforms the exponentially weighted moving average (EWMA), Markov switching model (MSM) and the Gaussian mixture model (GMM) with regards to the risk and returns through the entire investment period. Yan and Li [42] assessed the performance of hedge ratios out of Chinese stock index future markets by means of ordinary least squares model, diagonal Bekk-Garch, and regime-switching diagonal Bekk-Garch models. The empirical framework supported that Garch models achieve a better hedge effectiveness than the OLS models.
Amvella et al. [43] investigated the issue of hedge fund performance persistence using a Markov chain model. An approach based on the method of moments and on the model of Getmansky et al. [44] was used so as to unsmooth returns. The advantage of the model is that it allows not imposing the same order of serial correlation for all return series, as it applies the appropriate unsmoothing profile for each fund. Vidal-García [45] proved that European mutual funds register solid indication of noteworthy performance persistence, which is constant across investment styles, on an annual basis and in the longer-term periods. Onwards, Vidal-Garcia et al. [46] ascertain that short-term persistence is strongly significant worldwide.
Roca et al. [47] investigated the systematic risk of Australian SRI funds to the Australian and US equity markets and SRI sectors using the Markov regime switching analysis and an impulse response analysis. The empirical findings showed that the Australian SRI funds were mostly affected by the movements in the US equity market and SRI sector, and that during periods of higher returns the Australian SRI funds show exposure to the Australian equity market. Besides, Leite and Cortez [48] revealed that French SRI funds perform meaningfully better during crisis than during non-crisis periods, whereas Lean et al. [49] conclude that SRI funds outclass the market benchmark in Europe and North America. Likewise, Nakai et al. [50] advocate that SRI funds hold up stronger the ruin of the Lehman Brothers than conventional funds. On the contrary, Matallín-Sáez et al. [51] noticed overall poorer performances of funds with high socially responsible attributes.
Roll [52] argued that when trying to diversify a portfolio, managers need to be concerned about measuring the factors underlying its performance. There was established that one of the most simple and at the same time efficient methods is to relate fund performance to benchmarks in the form of existing market indices (heterogeneous) or different liquid tradable portfolios (e.g., ETFs). Huang et al. [53] pointed out that the performance of Chinese hedge funds is influenced by the stock market to a great extent, whereas Huang et al. [54] noticed that hedge funds are exposed to systematic risk factors.
Hammami et al. [55] analyzed the performance of mutual funds in the Tunisian capital market performing a multivariate generalized autoregressive conditional heteroskedasticity model. There was found that the Jensen alphas are better estimated using the multivariate GARCH model than in the other approaches. The authors demonstrate their primary objective of showing that the capital market in Tunisia was inefficient and present investment opportunities to invest in mutual funds. Likewise, Charfeddine and Ajmi [56] established that the student FIGARCH (1,d,1) model is better than the Markov switching ARCH specification. According to Fulkerson and Riley [57] , mutual fund performance increases subsequent to the rise in portfolio concentration. There was documented an annualized 24 basis point growth in risk-adjusted return by a fund which enlarges its concentration via one standard deviation. Based on EurekaHedge and BarclayHedge databases, Stafylas et al. [58] highlighted that hurtful market circumstances adversely influence hedge fund performance as regards alphas since most of the strategies do not offer substantial excess returns. Aboura and Roye [59] used a Markov-Switching Bayesian vector autoregressive model and point out that financial stress conducts intensely to economic activity when the economy is in a high-stress regime, while economic activity remains unchanged in a low-stress regime. Saranya and Prasanna [60] explored the influence of stock market cycles on the volatility of Asian markets and provided evidence that the stochastic volatility model with jumps ensure better estimates during the normal market periods, whereas the stochastic volatility with jumps and asymmetry model has enhanced prediction truthfulness in the crisis period.
Munechika [61] applied an ARMA-GARCH model with a three-year rolling window on daily data between 2003 and 2014 to investigate the profitability and volatility of hedge fund index returns. The rolling regressions revealed that the parameter was strongly affected by the financial crisis of 2007-2009. 
Data and Methods

Sample
Our study uses daily data for the period between January 1st 2016 and September 28th 2018. We have collected prices (net assets value per unit-NAV) for 80 Romanian investment vehicles, respectively 63 open-end funds and 17 pension funds. In addition, considering the portfolio structure (asset classes, maturity, and duration) of the respective investment vehicles, we used the following proxies for the market risk factors: According to the Romanian applicable regulation, it is mandatory for all the pension funds to mark-to-market all the financial instruments in their portfolios daily. Furthermore, Romanian law related to open-end investment funds allows the managers to choose between using a full/partial mark-to-market of bond portfolio or accrual interest method, while the mark-to-market of the listed equity portfolio is mandatory (listed equity represents the major part of the equity portfolios of open-end funds in Romania, due to incident legal provisions). Open-end funds computed and published the NAV day-to-day, as did pension funds. By corroborating information from fund managers, we encompassed in our sample the open-end funds that use a mark-to-market method for assessing their bond portfolios.
Research Methodology
Our aim is to investigate the behavior of fund returns in relation to the volatility of their main market determinants (market risk factors). By considering the information presented above regarding the particularities of the investment vehicles included in our sample, we argue that the variability of their daily returns should be explained by the variability of the market risk factors that are relevant according to the portfolio structure of each vehicle. Thus, we aim to highlight the sensitivity of fund returns to a selection of market risk factors (made according to the most common exposures in the funds' portfolios). We also identify the potential dissimilar behavior of fund returns during the periods of high and low volatility for each of the selected five market risk factors. In order to identify periods of high and low volatility we used a Markov Regime Switching model, while for highlighting other features of fund returns we used EGARCH and DCC MV GARCH models, all of them being detailed bellow.
•
Stage 1: Initial data preparation
The time series for the stock indices and for the fund unit prices were stationarized by transforming prices into logarithmic returns.
Regarding the two series of bond yields, the initial data represents yield to maturity, in annual terms, expressed in percentage points. In order to have comparable data with the series of daily returns (for the stock indices, the FX rates and respectively the NAV for the investment vehicles) we transformed the annual yield into a daily-compounded yield using a 250-day trading year convention, similar with the approach of Kristoufek and Ferreira [62] : For the reason that the acquired series of daily yields were not stationary, we subsequently applied the first difference.
In our approach, we do not use the yields as a proxy for risk-free rates (e.g., for computing risk premium), but instead as a proxy for the variability of the fixed income market, in connection with the fact that an important part of the portfolios of the investment vehicles are composed of fixed income instruments (with a liquid OTC market), which are marked to market on a daily basis, thus influencing the NAVs of the funds and their daily returns to investors.
After these transformations, we checked each series and confirmed stationarity using Augmented Dickey-Fuller and Philips-Perron unit root tests (see Appendix A, Table A1 ).
Stage 2: Computing daily conditional volatilities
Using this database of five time series representing proxies for individual market risk factors and 80 time series representing returns for different investment vehicles we computed conditional volatilities, for each time series, using an EGARCH (P,Q) model according with Tsay [63] , where:
log σ
After calibrating each model, the results coefficients were tested for significance and only the series for which the coefficients were found to be statistically significant were set aside for further analysis.
Stage 3: Computing daily conditional correlations
We also computed conditional correlations between each series of fund returns and each of the five market risk factors using an DCC MV-GARCH model according with Engle and Sheppard [64] and Sheppard [65] .
where Dt is the k × k diagonal matrix of the time varying standard deviations from univariate GARCH models with √ h it on the ith diagonal and R t is the time varying correlation matrix. Writing the log likelihood of this estimator, we acquire:
where ε t~N (0, R t ) represent the standardized residuals. If we express the elements of D t in the form of univariate GARCH(P,Q) processes we obtain that:
As a result, the dynamic correlation structure is:
where Q signifies the unconditional covariance of the standardized residuals from the initial estimation and Q * t is a diagonal matrix composed of the square root of the diagonal elements of Q t . Besides, the elements of R t will be ρ ijt = σ ijt σ it σ jt representing the time varying correlations among the returns series. In a similar approach as for the conditional volatilities series, after calibrating each DCC MV-GARCH model, the results coefficients were tested for significance and only the series for which the coefficients were found to be statistically significant were retained for further analysis.
Stage 4: Identifying volatility regimes
Since our aim is to depict the behavior of fund returns (in terms of volatility and correlations with the market risk factors) under different volatility regimes for the market risk factors, we also computed the probabilities of being either in a high volatility or in a low volatility regime for each of the 85 time series included using a Markov Regime Switching model as represented by Tsay [63] , Hamilton [66, 67] and Perlin [68] : (9) where N S and N nS counts the number of switching and non-switching coefficients, x nS i,t is a subset of x i,t and represents the explanatory variables which do not switch while x S i,t is the subset composed of the variables that switch. The term P(Φ) represents the probability density function of the error term (Φ being the vector representing the set of parameters of P).
We have transformed the series of probabilities given by the model into a series of markers for the volatility regimes, respectively. Series with binary (daily) values of 1 and 0, where 1 signifies that the variable is in a regime of high volatility and 0 signifies that the variable is in a low volatility regime.
The respective values of 1 and 0 were determined using the following rules:
(a) If the probability of being in a high volatility regime > probability of being in a low volatility regime, the corresponding regime marker is 1; (b) If the probability of being in a high volatility regime < probability of being in a low volatility regime, the corresponding regime marker is 0.
• Stage 5: Filtering the computed fund returns' characteristics (volatilities, correlations and volatility regimes) according with market risk factor's volatility regimes and calculating appropriate statistics
The computations performed in the stages above resulted in series of conditional daily volatilities, conditional daily correlations and markers of daily volatility regimes for the investment vehicles included in the sample. They also provided similar series (except for correlations) for the five market risk factors.
For this final stage of our methodology, we used each of the series with markers for volatility regimes for the five risk factors to split the computed values for each series of the characteristics of fund returns into a subset of values. These values resulted during a high volatility regime of the respective market risk factor and a subset of values resulted during a low volatility regime of the corresponding market risk factor.
For each such sub-set of values, we have computed selected statistics (e.g., mean, standard deviation, as presented in Appendix A- Tables A2 and A3 ). This allowed us to compare the aggregated values for the entire sample (at market level), thus observing the eventual differences in the behavior of fund returns between the two regimes. In addition, we compared the aggregated values for each sub-set with the unconditional values of the respective characteristics (e.g., with the average unconditional level of correlation or the unconditional volatility for the entire time period).
We have performed comparative analyses between the investment vehicles in the sample and attempted to identify common characteristics for groups of investment vehicles (e.g., for the pension fund group).
We were also able to use the series with markers for volatility regimes to identify, in the case of each of the volatility regimes of the five market risk factors, how many investment vehicles also entered in a similar regime, highlighting the level of synchronicity of the investment vehicles with the volatility regimes of the market risk factors. The actual results of the computations described above are presented and interpreted in the next section of our paper.
Empirical Results and Discussion
After performing all the computations mentioned in the previous section, the first step to analyze and interpret the results was to understand the characteristics of the volatility regimes for the risk factors. From Table 1 , we can observe that each risk factor had its particularities regarding the volatility regimes and behavior during the period investigated. While the two equity indices witnessed a relatively low number of high volatility regimes, the average length of these episodes was larger in comparison with those registered by the other risk factors. On the opposite side, the Romanian sovereign bond index and the FX rate had a much higher number of volatility stages during the period investigated, but their average length was significantly shorter. In general, with the two exceptions above, during the period examined, each risk factor spent about 15% of the time in a high volatility regime.
The second step we took was to check for each such volatility event, across each risk factor, how many investment vehicles entered simultaneously in a high volatility regime for their daily returns. The results show that in all cases less than half of the funds synchronized their high volatility regimes with those of the risk factors. Going further into detail, we observe that the equity risk factors are the ones that most often trigger similar volatility regimes for the funds' returns, while in the case of the other three risk factors the reaction is much weaker in the sample of funds that we used in this research. This prompts us to formulate a preliminary conclusion that the Romanian investment and pension fund sectors are more sensitive to the high volatility regimes of the equity markets in comparison with the bond markets and the FX market. Also, at an overall market level, even in the case of the equity risk factor, the market seems to demonstrate a significant level of resilience. In Figure 1 , we can observe the most significant episodes of synchronization of the high volatility regimes among the equity market risk factors and the mutual funds sample. Each dark spot on the heat map represents one day of a volatility regime for the respective variable. The vertical axis depicts time (the 713 daily observations), while the horizontal axis contains the selected time-series, starting with BET and STOXX600 in the first two columns, followed by the 17 pension funds (from column 5 to column 22) and the mutual funds sample (column 22-80).
We can observe that most of the consistent high volatility regimes of the two risk factors are mirrored by the entire pension funds sample and by a significant portion of the investment funds sample (rows 0-20, 100-130, 380-400, 430-440, 490-500, 540-550, and 610-630 in the heat-map).
Going further, we studied the behavior of daily conditional volatility for each series of risk factors and investment vehicles in correlation with their own volatility regimes. The results presented in Table 2 . show that there is significant change in the level of volatility between the regimes. It is also essential to notice that the average level of volatility is much reduced for the investment vehicles in contrast with the two market risk factors previously identified to be the most relevant for their behavior (respectively the domestic and the international equity markets). Each dark spot on the heat map represents one day of a volatility regime for the respective variable. The vertical axis depicts time (the 713 daily observations), while the horizontal axis contains the selected time-series, starting with BET and STOXX600 in the first two columns, followed by the 17 pension funds (from column 5 to column 22) and the mutual funds sample (column 22-80).
Going further, we studied the behavior of daily conditional volatility for each series of risk factors and investment vehicles in correlation with their own volatility regimes. The results presented in Table 2 . show that there is significant change in the level of volatility between the regimes. It is also essential to notice that the average level of volatility is much reduced for the investment vehicles in contrast with the two market risk factors previously identified to be the most relevant for their behavior (respectively the domestic and the international equity markets). Figure 2 presents the time-varying values of normalized volatility for each of the five risk factors and the 73 investment vehicles included in the sample (7 funds were excluded because of not having significantly different from zero coefficients in the EGARCH model calibration). The horizontal axis depicts the period (e.g., from 1st to the 713th daily observation), while the on the vertical axis we have the risk factors (from 1 to 5) followed by the 17 pension funds (from 6 to 22) and the 56 open-end investment funds (from 24 to 78). The depth of the chart represents the values of the daily-normalized conditional volatility (on a scale from 0 to 1). Figure 2 presents the time-varying values of normalized volatility for each of the five risk factors and the 73 investment vehicles included in the sample (7 funds were excluded because of not having significantly different from zero coefficients in the EGARCH model calibration). The horizontal axis depicts the period (e.g., from 1st to the 713th daily observation), while the on the vertical axis we have the risk factors (from 1 to 5) followed by the 17 pension funds (from 6 to 22) and the 56 open-end investment funds (from 24 to 78). The depth of the chart represents the values of the daily-normalized conditional volatility (on a scale from 0 to 1).
Two observations from the chart are particularly important for our analysis: • All the 17 pension funds spend much more time in a low volatility regime in comparison with the open-end investment funds; • We can obviously notice at least four distinct periods (around the 120 days mark, respectively the 380, 550 and 600 days marks) when the volatility is rising in synchronization across the entire sample of risk factors and investment vehicles, validating the findings from our Markov Regime Switching model presented earlier. We also realized a comparative analysis of the distribution of values for daily conditional volatility between the investment vehicles included into the sample. Table A2 (see Appendix A) presents the mean and standard deviation of the values of conditional daily volatility for each fund filtered considering the high/low volatility regimes of each of the five risk factors. Figure 3 presents the features of the distribution of daily conditional volatility for each fund filtered using the volatility regimes of BET Index. We can notice the particularities of each fund and especially the consistent low levels of volatility, regardless of the volatility regime for the BET Index, in the case of the first 17 investment vehicles that are represented by the pension funds. Two observations from the chart are particularly important for our analysis:
• All the 17 pension funds spend much more time in a low volatility regime in comparison with the open-end investment funds; • We can obviously notice at least four distinct periods (around the 120 days mark, respectively the 380, 550 and 600 days marks) when the volatility is rising in synchronization across the entire sample of risk factors and investment vehicles, validating the findings from our Markov Regime Switching model presented earlier.
We also realized a comparative analysis of the distribution of values for daily conditional volatility between the investment vehicles included into the sample. Table A2 (see Appendix A) presents the mean and standard deviation of the values of conditional daily volatility for each fund filtered considering the high/low volatility regimes of each of the five risk factors. Figure 3 presents the features of the distribution of daily conditional volatility for each fund filtered using the volatility regimes of BET Index. We can notice the particularities of each fund and especially the consistent low levels of volatility, regardless of the volatility regime for the BET Index, in the case of the first 17 investment vehicles that are represented by the pension funds. Sustainability 2019, 11, x FOR PEER REVIEW 12 of 25 The last step in our analysis was to study the behavior of daily conditional correlations between each risk factor and the full sample of the investment vehicles.
As a preliminary analysis, we have computed the unconditional historical correlations for the entire period and found that in the case of the foreign bond and FX risk factors most of them were not significantly different from zero. These results are presented in the right side of Table 3 and can be explained by the fact that most of the investment vehicles in our sample did not have significant exposure to these two sub-categories of market risk during the investigated period. At the same time, we can observe an overall low and negative level of correlation with the evolution of the local bond yields (consistent with its economic significance), but statistically significant for most of the funds in our sample (60 out of 80). The level of correlation with the equity markets is higher, particularly in the case of the local market, but the intensity is still at or below medium. When examining the daily conditional correlations computed using the DCC MV-GARCH model (presented in the left side of Table 3 ), the most important conclusion is that the values do not change significantly between the low and high volatility regimes and remain in both situations very close to the value of the long-term unconditional correlation. Even more, this conclusion remains valid across all the five risk factors in relation to which of the correlations were computed. In our view this is explained by the managers' inability to significantly change the structure of the portfolios from one volatility regime to another and confirms the conclusions of previous studies The last step in our analysis was to study the behavior of daily conditional correlations between each risk factor and the full sample of the investment vehicles.
As a preliminary analysis, we have computed the unconditional historical correlations for the entire period and found that in the case of the foreign bond and FX risk factors most of them were not significantly different from zero. These results are presented in the right side of Table 3 and can be explained by the fact that most of the investment vehicles in our sample did not have significant exposure to these two sub-categories of market risk during the investigated period. At the same time, we can observe an overall low and negative level of correlation with the evolution of the local bond yields (consistent with its economic significance), but statistically significant for most of the funds in our sample (60 out of 80). The level of correlation with the equity markets is higher, particularly in the case of the local market, but the intensity is still at or below medium. When examining the daily conditional correlations computed using the DCC MV-GARCH model (presented in the left side of Table 3 ), the most important conclusion is that the values do not change significantly between the low and high volatility regimes and remain in both situations very close to the value of the long-term unconditional correlation. Even more, this conclusion remains valid across all the five risk factors in relation to which of the correlations were computed. In our view this is explained by the managers' inability to significantly change the structure of the portfolios from one volatility regime to another and confirms the conclusions of previous studies that employed different methods (e.g., measures of systematic risk, performance metrics etc.) and the efficient market hypothesis. At the same time, the relatively low levels of average correlations in relation to each of the five risk factors show the resilience of the overall sector to the market fluctuations.
A comparative analysis of the distribution of daily conditional correlations with each market risk factor for every investment vehicle included in the sample is depicted in Table A3 (see Appendix A) . The values were previously filtered considering the volatility regimes of the respective market risk factor. Figure 4 shows the features of the distribution of daily conditional correlations for each fund with the BET Index, filtered using this factor's volatility regimes.
) and the efficient market hypothesis. At the same time, the relatively low levels of average correlations in relation to each of the five risk factors show the resilience of the overall sector to the market fluctuations.
A comparative analysis of the distribution of daily conditional correlations with each market risk factor for every investment vehicle included in the sample is depicted in Table A3 (see  Appendix A) . The values were previously filtered considering the volatility regimes of the respective market risk factor. Figure 4 shows the features of the distribution of daily conditional correlations for each fund with the BET Index, filtered using this factor's volatility regimes. Similar to the comparative analysis applied on the values of daily conditional volatility (see Figure 3) we can observe the particularities of each fund and especially the consistent high levels of correlation with the BET-Index, regardless of its volatility regimes, in the case of the first 17 investment vehicles which are represented by the pension funds. Some investment funds were excluded from the sample because of not having significantly different from zero coefficients in the DCC MV-GARCH model calibration.
Concluding Remarks
In this paper, we studied the sensitivity of open-end investment funds and pension funds to five relevant market risk factors (local and international equity markets and bond markets, as well as the FX rate) during the period 2016-2018, using daily data. Our methods included computations of conditional volatility and dynamic conditional correlations using EGARCH and DCC MV-GARCH models. In addition, we differentiated the results among high and low volatility regimes that were identified using a Markov Regime Switching model. First, at micro level, our most important results show that the level of correlations do not change significantly between high and low volatility regimes for the risk factors, confirming conclusions of previous studies (realized with different methods) that in general asset managers have difficulties adapting their portfolios to market conditions.
In our interpretation, the fact that the average levels of correlation, with each of the five risk factors, during the high volatility regimes were not significantly different from the average values registered during the low volatility regimes (and also close to the average level of the unconditional correlations) argue that the structure of the funds' portfolios did not change significantly during the investigated period. This could imply that in our sample of funds, for the considered period, on average, it was not possible for the managers to alter the investment strategy and the portfolio Similar to the comparative analysis applied on the values of daily conditional volatility (see Figure 3) we can observe the particularities of each fund and especially the consistent high levels of correlation with the BET-Index, regardless of its volatility regimes, in the case of the first 17 investment vehicles which are represented by the pension funds. Some investment funds were excluded from the sample because of not having significantly different from zero coefficients in the DCC MV-GARCH model calibration.
In this paper, we studied the sensitivity of open-end investment funds and pension funds to five relevant market risk factors (local and international equity markets and bond markets, as well as the FX rate) during the period 2016-2018, using daily data. Our methods included computations of conditional volatility and dynamic conditional correlations using EGARCH and DCC MV-GARCH models. In addition, we differentiated the results among high and low volatility regimes that were identified using a Markov Regime Switching model. First, at micro level, our most important results show that the level of correlations do not change significantly between high and low volatility regimes for the risk factors, confirming conclusions of previous studies (realized with different methods) that in general asset managers have difficulties adapting their portfolios to market conditions. In our interpretation, the fact that the average levels of correlation, with each of the five risk factors, during the high volatility regimes were not significantly different from the average values registered during the low volatility regimes (and also close to the average level of the unconditional correlations) argue that the structure of the funds' portfolios did not change significantly during the investigated period. This could imply that in our sample of funds, for the considered period, on average, it was not possible for the managers to alter the investment strategy and the portfolio structure in response to the change in volatility over short periods (given the daily frequency of data considered in our analysis). Second, at a macro level, we show that the Romanian investment and pension funds are in general resilient to the risks investigated, with less than half of the funds showing a synchronization of their own volatility regimes with those of the risk factors. In addition, the intensity of correlations is in general at or below medium (less than 0.5), unconcerned by the volatility regime. While the level of daily volatility is indeed increasing across the sample of funds during the high volatility regimes of the risk factors, they still remain significantly below the levels measured for the most relevant two risk factors (respectively the local and international equity market returns).
Third, when comparing between investment funds and pension funds, our results show that the latter demonstrate lower levels of volatility and higher resilience to market risk factors. This can be explained by the fact that all the 17 pension funds have almost the same defensive mix of assets: approximately 17% investment in listed equity (on average), the rest being invested in high quality fixed income instruments (approximately 63% investments in government bonds, on average). The sample of the investment funds is more heterogeneous in terms of investment strategy, ranging from monetary and bond funds to equity (and also index) funds. As a result, when aggregating results, the pension funds part of our sample behaved more uniform and showed less responsiveness to risk factors, while the investment funds part of the sample showed larger variability of the results including also in some cases more sensitivity to the risk factors due to a less diversified portfolio structure.
Results from all three kinds are relevant for market supervisors, especially in a risk based supervision approach, showing how the levels of sensitivity to each type of market risk factor are distributed in the investment vehicle sample and what is the overall level of the resilience of this sector to market risk.
Since we use data that is publicly available, market supervisors and fund managers could replicate our approach and the methods that we used, in order to monitor (even in real time) the evolution of the sensitivity to market risk factors for selected investment vehicles (or for the entire population of funds). Based on this approach, comparisons among funds can be made by supervisors or by fund managers and the funds could be ranked in relative terms in relation to their responsiveness to the market risk factors. These tools could prove useful in applying stress tests based on market risk factors, at fund level and at sector level. Such stress tests are mandatory, at an internal level, for the investment funds (both UCITS and AIFs) according to Romanian applicable regulation.
If time series long enough are available, the methods could be adapted to use monthly instead of daily data, so to also include the AIFs in the investment vehicle sample (AIFs only compute monthly NAV, in contrast to UCITS and pension funds, which must publish daily NAV).
For investors, our results show that a diversified portfolio of funds could prove to be resilient to transitory adverse market conditions. It is relevant for investors the fact our results argue that such a diversified portfolio might have relatively constant exposure to the market risk factors, irrespective of the high or low volatility regimes of these factors, so that its level of correlation with these factors might remain relatively unchanged over long periods of time.
One limitation of our research is that it does not differentiate within the sample of investment vehicles according to their investment strategy.
In addition, if we could have used data for a longer interval of time, it would have enabled us to perform the same analysis also using monthly returns, which might have better evidenced if the fund managers were able or not to alter their investment strategy according to the market volatility regime (given the larger period). Moreover, this would have also allowed us to include in the analysis the Romanian AIFs, which according with the applicable regulations only publish the NAV on a monthly basis.
Further studies in this field could employ principal component analysis for identifying the common features of the sample in terms of correlation and volatility with the purpose to analyze it in comparison with the evolution of the marker risk factors. 
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